Gastric cancer (GC) is one of the most common malignant tumors worldwide. Previous studies have reported that aldehyde dehydrogenase-1A1 (ALDH1A1) and cluster of differentiation (CD)-133 are considered to be cancer stem cell markers in GCs. The present study immunohistochemically examined the distribution and expression of two tumor stem cell markers, CD133 and ALDH1A1, in both primary tumors and para-tumor tissues. In 91 cases with stage III, 57 (62%) were positive for ALDH1A1 and 60 (66%) were positive for CD133. ALDH1A1 was detected in para-tumors and cancerous tissues of the stomach, and the immunoreactivity of the tumors was stronger than that in para-tumor tissues. CD133 was only detected in tumors. The expression of ALDH1A1 was significantly associated with advanced T/N stage (T stage, P=0.012; N stage, P=0.023) and poor differentiation (P=0.020), while CD133 was associated with advanced T stage (P=0.007). Univariate and multivariate Cox proportional hazards analysis revealed that tumor stage, CD133 expression, vascular invasion and sex were independent predictors of disease-free survival (DFS) time, and tumor size, vascular invasion and sex were independent predictors of overall survival (OS) time in patients with GC. Patients with CD133 + GC had poorer DFS (P=0.042), while ALDH1A1 + GC was not associated with poorer DFS. In regard to chemotherapy, improvements in survival were not observed after the addition of taxane compared with two-drug therapy. However, the subgroup analysis indicated that in the ALDH1A1subgroup, and CD133 + and ALDH1A1subgroups, an increased OS was observed in two-drug therapy (P=0.043). The results of the present study indicate that ALDH1A1 and CD133 may play an important role in tumor invasion, metastasis and prognosis, and ALDH1A1expression does not benefit the taxane-based triple chemotherapeutic regimen in patients with GC
Introduction
Gastric cancer (GC) is one of the most common malignancies worldwide (1) . Global cancer statistics have revealed that approximately 951,600 new cases of GC and 723,100 deaths were reported in 2012 (1) . Cancer stem cells (CSCs) have been suggested to be associated with tumor initiation, drug resistance, invasion, metastasis and tumor recurrence, and therefore may play an important role in cancer-associated mortality (2) . CSCs are also known as tumor-initiating cells, with self-renewal and proliferative characteristics (3) . By studying different CSCs, one can select various individualized chemotherapies and improve the survival rate of patients with GC. In some studies (3, 4) , CSCs, such as cluster of differentiation (CD)-24, CD26, CD44, CD90, CD133 and aldehyde dehydrogenase-1A1 (ALDH1A1), have been detected in GC, which were expressed with high carcinogenicity in animal experiments.
CD133 is a glycoprotein with five transmembrane domains (5) . Initially, CD133 was considered to be a surface marker for hematopoietic stem and progenitor cells (6) . An increasing number of studies have reported that CD133 is also a marker for colorectal (7) , liver (8) , prostate (9) and lung cancer (10) , and it is often used to label and isolate stem cells. Approximately half of human GC samples express CD133 + , and CD133 is associated with the development of tumors. A high expression of CD133 always leads to shorter survival (11, 12) .
ALDH1A1 is a type of intracellular enzyme with self-renewal and multi-directional differentiation (13) . It plays a part in the differentiation of CSCs by stimulating the formation of retinoic acid, and participates in the detoxification, differentiation and drug resistance of cells (13) . ALDH1A1 has already been reported in colorectal cancer, lung cancer, breast cancer and other types of tumors, however to the best of our knowledge, a limited number of studies have reported the role of ALDH1A1 in GC. A number of studies have reported that ALDH1 overexpression is associated with low survival in malignant tumors (14, 15) .
D2 gastrectomy has become the standard surgical treatment for curable GC globally (16) . Complete resection of the tumor is critical; however, the tumor may recur even if it is completely Correspondence to: Professor Kang-Sheng Gu, Department resected. In terms of further treatment after gastrectomy, two landmark phase III clinical trials in Asia, the adjuvant chemotherapy ACTS-GC and the CLASSIC trials (17, 18) , reported that both monotherapy and combination chemotherapy were associated with a reduced risk of death in GC compared with surgery alone. In addition, standard postoperative adjuvant chemotherapy was established. Subgroup analysis in the ACTS-GC trial revealed the important benefits of S-1 monotherapy in patients with early stage disease. By contrast, patients with late stage did not exhibit any benefits and they required a more efficient treatment. In the CLASSIC trial, despite the results demonstrating that the XELOX therapy was beneficial for all disease stages (II, IIIA or IIIB), there was still no standard for adjuvant chemotherapy for the patients who were excluded.
In the present study, the response of different chemotherapies under positive or negative expression of CD133 and ALDH1A1 were investigated in order to examine the value of CD133 and ALDH1A1 in the treatment of GC.
Materials and methods
Patients and tissue samples. The objective was to evaluate the association between different adjuvant chemotherapies and the expression of CSCs in patients with stage III, GC who had undergone curative resection. The present study was approved by the Institutional Review Board and Human Ethics Committee of The First Affiliated Hospital of Anhui Medical University. All the patients signed written consent for the use of their samples for research purposes. Cancerous and para-tumor tissues were obtained after surgery from the Department of Pathology, The First Affiliated Hospital of Anhui Medical University. Hematoxylin & eosin (H&E)-stained slides of gastric cancer and normal gastric mucosa were obtained from the same department.
In the present retrospective analysis, a total of 91 patients were enrolled, including 69 males and 22 females. Patient age ranged from 32 to 76 years, and the median age was 53 years. The gastrectomies were performed between January 2012 and December 2017. The inclusion criteria were: i) Age between 18 and 80 years; ii) Eastern Cooperation Oncology Group score between 0 and 2 (19) ; iii) R0 gastrectomy with D2 or more extensive lymphadenectomy; iv) pathological stage confirmed as stage III (according to The 8th edition of the AJCC Cancer Staging Manual (20) , resulting in a slightly different stage III population between this study and other ones); v) no radiotherapy and/or immunotherapy; vi) complete clinical data; and vii) baseline examination met the requirements of chemotherapy (adequate hematologic function, hepatic function, and renal function).
Im m u n ohistochem ica l sta ining a n d a ssess m en t. Immunohistochemistry was carried out according to a procedure previously reported (21, 22) . Paraffin-embedded blocks were cut into 4-µm sections. Firstly, samples were deparaffinized twice in xylene for 10 min, and then dehydrated in a graded ethanol series (100% ethanol twice, then 95 and 75% ethanol). Secondly, antigen retrieval in 0.01 M sodium citrate buffer (pH 6.0) was performed at a high temperature and high pressure using a pressure cooker, then endogenous peroxidase activity was quenched by 10 min incubation in 3% H 2 O 2 solution after cooling to room temperature, followed by 3 washes for 3 min each with PBS (pH 7.4). The sections were incubated with 3% H 2 O 2 solution for 10 min at room temperature to inhibit endogenous peroxidase activity. After 30 min of blocking in 10% goat serum (cat. no. SP KIT-B1; Maxim Biotech, Inc.) at room temperature, the sections were incubated with primary antibodies: anti-ALDH1A1 (Abcam; cat. no. ab52492; dilution 1:200) and anti-CD133 (Abcam; cat. no. ab222782; dilution 1:500), in a refrigerator at 4˚C overnight. The next day, the sections were rinsed three times for 3 min each with PBS, followed by incubating array slides with anti-mouse/rabbit secondary antibodies [MaxvisionTM3 HRP-Polymer (Mouse/Rabbit) IHC kit, Maxim Biotech, Inc.; cat. no. KIT-5220] for 20 min at 37˚C. Samples were then stained using a DAB kit for 10 min at room temperature, and hematoxylin for 1 min at room temperature before dehydration and transparency of slides; finally, samples were mounted on slides. The staining was observed using a light microscope (magnification, x100, x200 and x400).
A total of 10 high-power fields were randomly selected for each slice, and 100 tumor cells were counted in each field of view. The assessments of the two CSCs were: If the number of positive cells was <5, 5-24, 25-49, 50-75 or >75%, the slice was marked as 0, 1, 2, 3 or 4 points, respectively. Judging the intensity of the two indicators: The range of intensities was from 0 to 3, for colorless, yellow, brown and tan, respectively. Finally, the positive expression rate score and the intensity score were multiplied. The present study considered the scores 0, 2-4, 5-8 and 9-12, for CD133 and ALDH1A1, equal to negative, weakly positive, positive and strongly positive, respectively. Immunohistochemical studies for ALDH1A1 and CD133 were performed and scored semiquantitatively by two pathologists based on the percent and intensity of positive cells as previously described (21, 22) . The assessments of slices were conducted using the double-blind method.
Treatment and assessment. All patients were enrolled in postoperative chemotherapy, under the combination of two [platinum + 5-fluorouracil (5-FU)] or three drug (taxane + platinum + 5-FU) treatments. Patients who were treated with two-drug combinations received xELOx chemotherapy (capecitabine 1,000 mg/m 2 PO BID on days 1-14 and oxaliplatin 130 mg/m 2 IV on day 1, cycled every 21 days for 6-8 cycles) with SOx (S-1 80 mg/m 2 PO BID on days 1-14 and oxaliplatin 130 mg/m 2 IV on day 1, cycled every 21 days for 6-8 cycles) chemotherapy, or 12 cycles of mFOLFOx6 chemotherapy (oxaliplatin 85 mg/m 2 IV on day 1 and leucovorin 400 mg/m 2 IV on day 1, 5-FU 400 mg/m 2 IV bolus on day 1, then 1,200 mg/m 2 /d IV continuous infusion on days 1 to 2 , repeated every 2 weeks). Patients treated with three-drug combinations received DCF (docetaxel 75 mg/m 2 IV on day 1 and cisplatin 75 mg/m 2 IV on day 1, 5-FU 750 mg/m 2 IV on days 1 to 5) or mDCF (docetaxel 40 mg/m 2 IV on day 1, leucovorin 400 mg/m 2 IV on day 1, 5-FU 400 mg/m 2 IV on day 1, 5-FU 1,200 mg/m 2 IV continuous infusion over 24 h on day 1 and 2, cycled every 14 days). The present study adhered to the principles of 'NCCN Clinical Practice Guidelines on Oncology, Gastric Cancer' (23) . Before chemotherapy, the patient's hematopoiesis, liver and kidney functions were assessed and recorded. Tumor assessment was conducted using tumor markers, computed tomography or magnetic resonance imaging, and gastroscopy every 2 cycles during chemotherapy. According to the results it was unknown whether the tumor recurred or metastasized. Adverse events were evaluated according to the National Cancer Institute's Common Terminology Criteria for Adverse Events (version 3.0) (24). If patients had serious hematologic toxic effects, neurological adverse events, intolerant digestive tract reactions or severe hand-foot syndrome, dose reductions were allowed. In cases of reducing the dose, patients that could not tolerate chemotherapy were allowed to interrupt and/or withdraw from the study.
Follow-up. The follow-up of patients was mainly conducted by telephone and by using the hospital medical records. Follow-up was performed every 3 months from the first to second year after gastrectomy, and every 6 months in the last 2-5 years. The primary endpoint was disease-free survival (DFS) and overall survival (OS). DFS was defined as the time from the date of gastrectomy to the date of the recurrence of the original GC or end of the follow-up. OS was defined as the date from gastrectomy to the date of death or the last follow-up.
Statistical analysis. The statistical analyses were conducted using IBM SPSS version 25.0 (IBM Corp.). Data are expressed as the mean ± standard deviation. Comparison of the categorical data was performed by the χ 2 test. Fisher's exact test with a residual analysis as a post-hoc test (only in the group of the association between T/N stage and expression of ALDH1A1 and CD133) was performed. The Spearman rank correlation test was used for correlation analysis. The Kaplan-Meier survival curves were constructed to estimate the cumulative survival. The survival rate between two chemotherapy groups was compared by a two-sided log-rank test. The statistically significant variables with P<0.05 in the univariate analysis were included in the Cox proportional hazards model. The survival curves were drawn using GraphPad Prism 7 (GraphPad Software, Inc.). Immunohistochemical staining and assessment were repeated 3 times.
Results
Association between ALDH1A1 and CD133 with clinicopathological features. According to the immunohistochemistry results, 57/91 (62%) were positive for ALDH1A1 and 60/91 (66%) were positive for CD133. Expression of ALDH1A1 was mainly observed in the cytoplasm of GC cells, which were stained yellow, brown and tan. Not only were the tumor cells stained but they were also strongly active in normal gastric mucosa cells, especially parietal cells. CD133 was detected in the cytomembrane, but not in normal gastric epithelial and stromal cells ( Figs. 1 and 2) . The results of the univariate analysis indicated that T stage (P=0.012), N stage (P=0.023), and histological type (P=0.020) were significantly associated with positive ALDH1A1 expression. After analysis by the post-hoc test, ALDH1A1tended to indicate T2 or N1 stage, while ALDH1A1 + tended to indicate T4b stage. In addition, there was an interaction between T stage (P=0.007) and CD133 + (Table I) . After analysis via post-hoc tests, CD133tended to indicate T2 stage, and CD133 + tended to indicate T4a stage.
It was also found that the level of expression was associated with the stages as determined by Spearman's rank correlation coefficient, i.e., the higher the ALDH1A1 expression, the later the T stage (r=0.224; P=0.011). However, neither the N stage nor the level of CD133 expression reflected this association.
Effect of tumor ALDH1A1 and CD133 protein level on prognosis.
Kaplan-Meier analysis proved that a significant difference for DFS was observed between positive and negative CD133 expression (P=0.042); however, this did not apply for the OS curve. High expression of CD133 was associated with poor DFS. By contrast, the DFS curve of ALDH1A1 + expression did not indicate a significant difference compared with the ALDH1A1expression. The same applied for the OS curve. High expression of ALDH1A1 was not associated with better DFS, and no statistical significance was revealed after the log-rank test ( Fig. 3A-D) .
CD133 and ALDH1A1 co-expression, which refers to the combined expression of two markers, was also associated with DFS. Patients with CD133 + and ALDH1A1expression exhibited a significant decrease in DFS (P=0.034); by contrast, patients with CD133and ALDH1A1expression exhibited a slow decrease ( Fig. 3E and F). A poor positive correlation was revealed between the degree of ALDH1A1 and CD133 expression by using Spearman's rank correlation coefficient (rs=0.240; P=0.022).
Association between chemotherapies and clinical characteristics. The endpoint of the follow-up date was September 31, 2018, with a median follow-up of 27 months. The present study detected the association between clinical characteristics and different chemotherapies. All patients had complete clinical data and successful follow-ups. There was a significant difference between patient age and therapy (P<0.05). The patients who were 60 years of age were predominantly treated with a combination of two drugs. The remaining general data showed no statistical significance (P>0.05). A total of 59 patients (64.8%) were treated with two drugs, and 32 patients (35.2%) were treated with three drugs. The three-drug group included the addition of taxane when compared with two-drug group. The specific treatment regimen was as follows: 36 (Tables III and IV) .
Subgroup analysis. The present study also performed subgroup analysis of these cases as presented in Fig. 3 . After Kaplan-Meier analysis, the DFS of different chemotherapies was not significantly altered in the ALDH1A1or ALDH1A1 + expression subgroups. By contrast, the OS survival curve revealed that patients in the ALDH1A1subgroup could achieve better survival time with two drugs, while patients in the ALDH1A1 + subgroup exhibited a longer survival time with three drugs. Statistical analyses demonstrated that two drugs were better for improving the OS of the ALDH1A1subgroup (P=0.043; Fig. 4A ), however the positive subgroup was not significantly different (P=0.078). No difference was observed in the two chemotherapies groups regardless of positive or negative CD133 expression.
Associations in the chemotherapies were also observed in the various CD133 and ALDH1A1 co-expression groups. Patients with CD133 + and ALDH1A1expression benefited more in regard to OS from the combination of two drugs (P=0.015; Fig. 4B ). In patients with CD133and ALDH1A1 + expression as well as CD133 + and ALDH1A1 + expression, the curve of the three-drug group was separated from the other in regard to DFS and OS, however no significant differences were observed.
The present study also separated patients who had vascular metastasis or not into two subgroups, and the results indicated whether there was metastasis in the vasculature that also had a different reaction to chemotherapies. The DFS of patients with no vascular invasion exhibited a better reaction to three-drug therapy (P=0.039), while there was no statistical difference in the DFS of patients with vascular invasion. The same applied for the OS in the two subgroups (data not shown). adverse events in the two groups were neutropenia, anemia and gastrointestinal reactions. Adverse events were significantly improved after receiving dose reductions.
Discussion
Expression of CSC markers have been reported to exist in normal adult stem/progenitor cells as well as in CSCs (25, 26) , and ALDH1 + cells are mainly located at the normal crypt bottom in the colon and stomach (15, 27) . The present study examined the expression of two CSC markers (ALDH1A1 and CD133) in the normal and cancerous tissue of the stomach. Positive staining for ALDH1A1 was detected at the crypt bottom of the stomach, especially in parietal cells. Immunoreactivity in the tumors was stronger than in normal tissues; however, staining for CD133 was not detected in the normal stomach tissues.
In the cancerous tissue of the stomach, ALDH1A1 was detected in 62% (57/91) of cases. ALDH1A1 + was associated with T/N stage and histological type. It has been previously reported that patients with advanced T/N stage, as well as undifferentiated have poor survival (20) . However, the results of the present study suggest that overexpression of ALDH1A1 is not significantly associated with survival for DFS or OS. The separation of survival curves was observed between ALDH1A1 + and ALDH1A1for DFS, in spite of no statistical significance, and ALDH1A1showed slightly better DFS. It was hypothesized that diverse chemotherapies may have changed the survival of these cases through various mechanisms. In contrast to these results, Levi et al (28) reported that ALDH1 was expressed in very low levels in normal human gastric mucosa, however was significantly increased in gastric adenocarcinomas. Li et al (29) also observed that ALDH1A1 was a poor independent prognostic factor for both OS and recurrence-free survival. However, it has been documented that high ALDH1A1 expression does not always associate with highly malignant phenotypes and poor clinical outcomes in GCs. Wakamatsu et al (30) reported that the expression of ALDH1 had no prognostic impact on the 5-year OS. Li et al (31) used an online database and determined that unlike breast cancer, the mRNA expression of ALDH1A1 in GC was not significantly associated with the OS of patients with GC. ALDH1 is able to convert aldehydes into carboxylic acids in several types of normal tissues such as liver and lungs (27, 28) . Recently, an increasing body of evidence has revealed that ALDH1, especially ALDH1A1, can modulate cell differentiation, proliferation, survival, and the cellular responses to oxidative stress in CSCs (13) . ALDH1A1 has also been shown to mediate epithelial-to-mesenchymal transition, an important phenomenon associated with tumor invasion and metastasis (32) . This study suggested that ALDH1A1 was associated with local tumor invasion and lymphatic metastasis; however, the impact on prognosis requires further investigation.
CD133 is a marker that plays an important role in the invasiveness of tumor cells (11, 12) . In the present study, CD133 was detected in 66% (60/91) of cases. CD133 + was sociated with advanced T stage and poor DFS in patients with GC, while N stage, differentiation and poor OS were not associated. CD133 expression could be broadly divided into two types: Glandular-luminal cell membrane surface expression (luminal expression, L-type) and cytoplasmic expression (C-type) (11) . L-type was more common in differentiated GC, while C-type was more common in undifferentiated GC; both expression types were observed in the tissue sections used in the present study. Previous studies demonstrated that overexpression of CD133 was associated with poor prognosis, especially for III/IV stage disease (30, 33) . Lee et al (34) reported that CD133 was expressed in differentiated GCs and undifferentiated GCs, despite CD133 + GCs having significantly poorer prognosis. By contrast, there has also been previous research that has revealed that undifferentiated GC expressed increased levels of CD133 than differentiated GC, and high levels of CD133 expression led to an increase in the malignancy grades of GC (35) . Further research is required to elucidate the cause of this difference. These results reveal that positive CD133 expression can predict clinicopathological features and poorer survival in patients with GC. In addition, CD133 may play a critical role in the pathophysiology, integration and complementation of GC. Yu et al (36) demonstrated that inhibition of CD133 gene expression reduced the ability of GC cells to proliferate, invade, form clonal sphere, and induce chemo-resistance, as well as form tumors in nude mice, which further supports the results of the present study. Furthermore, it has been reported that CD133 may inhibit 5-FU-induced apoptosis by regulating the expression of P-gp and the Bcl-2 family mediated by the phosphoinositide 3-kinase/Akt/p70S6K signaling pathway in GC cells (37) , which provides further evidence for the drug resistance associated with CD133 expression. In addition, the co-expression of ALDH1A1 and CD133 was also associated with DFS in the present study. Patients with ALDH1A1and CD133 + had poor DFS, and those with ALDH1A1and CD133had better DFS (P=0.034). This difference was not observed in OS. A larger sample size is required to examine and conduct further research to verify these differences.
Surgery has become a principle treatment for resectable GC (16) . For further treatment, the GASTRIC team (38) conducted a meta-analysis involving 17 randomized, controlled trials over the past few decades. The results verified that adjuvant chemotherapy displayed statistically significant advantages than surgery alone. In addition, the ACTS-GC (17) and CLASSIC (18) trials established fundamental principles of adjuvant chemotherapy. The NCCN Gastric Cancer Clinical Practice Guidelines in Oncology (version 1.2018) (23) suggest that DCF/mDCF could be used for locally advanced patients with GC. The aim of the present study was to evaluate the relevance of adding taxane and the survival of patents with stage III disease, and different ALDH1A1 and CD133 expression levels. In general, patients with stage III GC have deeper local invasion, and a large number of cases have lymph node metastasis (20) . For these patients, it is necessary to examine whether increasing the intensity of drug treatment benefits the patient's survival. Liu et al (39) published a study that compared whether the three-drug combination was superior to the two-drug combination. Subgroup analysis revealed no significant difference between the two groups. The patients enrolled in the present study were treated with three drugs (DCF or mDCF) or two drugs (xELOx with SOx or mFOLFOx). The results revealed that there was no statistical difference between the two-and three-drug groups in regard to DFS and OS for all 91 patients. The addition of taxane did not induce significant survival benefits to patients.
In regard to subgroup analysis, the ALDH1A1subgroup exhibited a better response to two-drug therapy. The addition of taxane was shown to induce few benefits for ALDH1A1 + . Larzabal et al (40) indicated that in in vivo experiments in lung cancer, paclitaxel, although reducing primary tumor growth, promoted the selection of ALDH + cells that likely modify the lung microenvironment to foster metastasis. Świerczewska et al (41) reported that in the W1 cell line, short-term treatment with PAC upregulated the expression of the ALDH1A1 gene. That study hypothesized that by adding taxane to traditional adjuvant chemotherapy, the level of ALDH1A1 may rise, which in turn leads to poorer survival for these patients, and promotes metastatic spread.
The CD133and CD133 + subgroups did not show any associations with chemotherapies. Patients with CD133 + had stronger drug resistance, higher relapse rates and lower 5-year survival rates compared with patients with CD133 - (34) . In the present study, it was concluded that CD133 + equated to a poorer DFS, however the addition of taxane in traditional adjuvant chemotherapy did not produce significant benefits for both CD133and CD133 + expression. Future work should investigate whether CD133 expression was associated with drug resistance, and whether targeting CD133 with specific drugs could be of clinical benefit in patients.
However, the present study has limitations. Further investigation is vital to clarify the role of ALDH1A1 and CD133 in drug resistance of GC, as well as the specific cellular regulatory mechanism of ALDH1A1 and CD133 in the tumorigenesis. In addition, a larger sample of research is required to further prove the association of ALDH1A1 with DFS and OS for patients with GC.
Based on the results of the present study, it was concluded that ALDH1A1 plays an important role in tumor invasion and metastasis. In addition, CD133 may be strongly associated with tumor invasion and prognosis. Furthermore, the taxane-based triple chemotherapeutic regimen produced no benefits for patients, which may help to guide future clinical therapies.
